An elastic membrane decorated with embedded nematic molecules, is considered as a model of anisotropic membrane. The nematic texture is shown to induce additional stress on the flexible membrane described by the Canham-Helfrich model. Building upon differential geometry, we obtain analytical expressions for the stress and torque induced in the membrane by splaying, twisting and bending the nematic director. The forces induced by the nematic textures are visualized on the sphere and on cylindrical surfaces.
I. INTRODUCTION
Nematic textures induce non-trivial stresses on flexible membranes. Due to geometrical coupling between molecular director and flexural bending, the anisotropic ordering of the nematic texture, becomes in competition with the corresponding elastic forces of the membrane. Whereas the later can be described by the Canham-Helfrich energy [1, 2] , in turn, the nematic texture can be modeled by the Frank's energy, taking into account the splay, twist and bendoing of the nematic director field [3] . The Frank's energy includes couplings with both, intrinsic and extrinsic curvatures of the surface, which raise additional forces to emerge. These effects are still unexplained, especially with regard the extrinsic coupling [4] [5] [6] [7] . Our original contribution consists of the analytical calculation of the anisotropic stress and the torque induced by the Frank's energy. The results are shown as an extension to the case of fluid membranes already addressed in the literature [8] [9] [10] , and more recently to the case of active membranes [11, 12] .
Nematic textures on curved surfaces give rise to topological defects, i.e. singular sites where the nematic director is not defined. According to the Poincaré-Hopf Theorem (PHT), the topological charge Q of defects is determined by the surface topology [13] . On a closed surface, the total charge gives Q = +2. Particularly, on spherical membranes, different textures with two +1 or four +1/2 defects have been studied from theoretical, experimental point of view [14] , as well as by numerical simulations [15, 16] . Topological defects are formally equivalent to electrical charges, which attract/repel depending on the opposite/same topological sign. This is a fact specially relevant in small geometries where charge confinement should play a crucial role in the global ordering of the nematics, giving rise to new topological materials [17] . Topological forces could also emerge between defects on regions of the membrane according to the local curvature [18, 19] . These coupling effects configure a complex interplay between the global membrane elasticity and the underlying nematic ordering, which can make to emerge a particular distributions of membrane stresses depending on the relative contribution of every material parameter.
The field of membrane stresses will be obtained as a function of the Frank's constants for nematic splay (κ 1 ), twist (κ 2 ) and bending (κ 3 ), defined by reference to the global bending energy of the membrane, as determined by the bending rigidity (κ) [20, 21] . Specific account of geometrical and compositional constraints will be also considered within our theoretical frame. The curvatureordering stress field, which will be referred to as Frank-Canham-Helfrich (FCH) field, is relevant not only to identify equilibrium conditions in different material settings but also to get evolution equations under dynamic conditions. Whether the membrane behaves sufficiently flexible, the internal elastic forces of the membrane become in competition then with the nematic forces, determining in this way the shape of the membrane [7, [22] [23] [24] . The intrinsic torque contains contributions by twisting and bending the nematic director, being the axis of rotation perpendicular to it. Interestingly, the splay energy does not induce intrinsic torque in the membrane, since the deformation of the nematic director is perpendicular to the membrane.
In this work, just by considering geometric coupling, in arbitrary surface configuration, we aim at understanding how the field of membrane stresses and torque is af-fected by the presence of a nematic texture. We will focus on the effect of the Frank's energy on the stress tensor and the torque, which will be derived for different liquid crystalline orientations in the spherical and cylindrical settings. The paper is organized as follows: In Section II we briefly describe the basic elements of the differential geometry of surfaces, necessary to establish the notation throughout the article. In Section III the stress tensor induced by the Frank energy is presented. The torque tensor is also obtained here. Further analytical details have been shifted to an appendix at the end of the article. In Section IV, the CH stress has been included to present both, the total elastic-nematic stress tensor and the total torque tensor. In order to exemplify the general results founded, we obtain the stress and torque induced by some nematic textures, both in Section V for the spherical membrane, and in Section VI for the cylindrical one. Section VII summarizes the conclusions.
II. GEOMETRY OF SURFACES
Let us consider a surface embedded into the Euclidean space R 3 , parametrized by coordinates ξ a , a = {1, 2},
where the bold denotes x = (x 1 , x 2 , x 3 ). A local basis on the surface can be defined: e a = ∂ a X are two vector fields, tangent to the surface which define the induced metric g ab = e a · e b ; with g ab and its inverse g ab respectively, we rise and lower the tangential indices of surface tensors. Hereinafter, ∇ a denotes the compatible covariant derivative, (see Fig.1 ). The unit normal vector to the surface, defined as n = e 1 × e 2 / √ g (where g = det g ab ),
complements the basis at any point of the surface. The Gauss equation
involves the extrinsic curvature components K ab = e a · ∇ b n, and the Christoffel symbols Γ c ab , associated with the covariant surface derivative.
The intrinsic curvature is defined by
where R abcd = R 2 (g ac g bd − g ad g bc ) is the Riemann tensor and R the scalar curvature [25] .
Integrability conditions relate intrinsic and extrinsic curvatures througth the Gauss-Codazzi equation
where R G = R/2 is the Gaussian curvature and K = g ab K ab . The Codazzi-Mainardi equation is given by
which stablishes the structure of the Gaussian map that defines the surface (see Fig.2 ). Of course, we can also define orthonormal vector fields µ , (µ = 1, 2), tangent to the surface with µ · ν = δ µν and n = 1 × 2 . The spin connection is a surface vector field Ω = Ω a e a , whose components are defined as Ω a = 1 · ∂ a 2 , the main property thus being its relation with the Gaussian curvature [26, 27] 
where the 3d-euclidean curl operator is used. Given a surface vector field η we can write it as η = η a e a or equivalently η = η µ µ . The director field of the nematic texture is parametrized as a unit vector field:
where Θ defines its orientation (see Fig.2 ). Thus, η a = cos Θ a 1 +sin Θ a 2 , for the components, where we used the coefficients a µ that appear into the relationship between the basis; these are µ = a µ e a . Interestingly, whether integration is performed along a region M on the surface (8) where C is the positively oriented curve with geodesic curvature K g , which is the boundary of the patch M on the surface with area element dA. Notice that on the surface we can write dx · ∇Θ = dΘ − dx · Ω. Upon integration, we obtain the topological charge Q of the texture so that C dΘ = 2πQ, where i q i = Q corresponds to the sum of topological defects of the nematic texture. The Gauss-Bonnet theorem have also been used in the last line of Eq. (8); furthermore, because the leftmost hand side in it, vanishes, we deduce
which relates the topological charge Q and the Euler invariant of the surface χ, through the integrated Gaussian curvature. With no boundary Q = χ; thus, on the sphere Q = 2.
III. FRANK ENERGY, NEMATIC STRESS AND TORQUE
For a given texture decorating a surface, the nematic energy is given by the Frank's energy,
where the splay, twist and bend terms have been made explicit, the ∇ and ∇× operators, should be evaluated along the surface with dA the area element. When evaluated on the surface, the energy density can be rewritten in terms of the surface geometric elements as [4] (
First, the splay component only involves intrinsic coupling of the molecular director, which is higher in the sectors close to the topological defects where the divergence of the director field appears. Second, the twist energy only involves extrinsic coupling between internal director and extrinsic curvature; it measures the deviation of the director field from the principal directions. Finally, the bend energy has two contributions: i) intrinsic, measures the deviation of the director with respect to the geodesic curves; ii) extrinsic, coming from K η = K ab η a η b (reaching its maximum value if the director is aligned along principal curves). On a flat surface, the nematic textures of lower energy are those that do not contain sources or sinks and such that director, is aligned along straight lines.
Once the Frank energy has been explicited, the equilibrium stress tensor corresponding to the nematic texture can be obtained upon minimization. The total nematic energy:
where λ and β are Lagrange multipliers that enforce the constraints η · n = 0, and η · η = 1, which correspond to the horizontal restriction of the molecular director within the membrane plane (λ) and to the condition of its unitary modulus (β); respectively integrated along the surface. The nematic stress tensor f a Frank , appears as a consequence of membrane shape deformations, X → X+δX, so that
After integration by parts, we obtain the main property of the stress tensor as the equilibrium condition; namely, its covariant conservation, ∇ a f a Frank = 0, as the equilibrium condition. The explicit calculation of the stress tensor has been presented in the appendix (A), where we have found the Lagrange multiplier (14) where we have denoted K τ = K ab η a ⊥ η b . The multiplier λ enforces the nematic director to be tangent to the surface. In fact, λη a l a contributes to the normal force, per unit length on the membrane, as we see below. Likewise, the multiplier β does not play role in the stress tensor (see appendix A).
Therefore, the splay stress tensor can be written as
where the tangential components contain intrinsic information of the surface through the metric g ab and covariant derivatives of η a ; the normal component includes, instead, coupling with extrinsic curvature. Note that both components are proportional to the divergence of the nematic director, so that in the case of textures without sources and sinks, the splay stress vanishes.
The force per unit length, on a curve with binormal l, is calculated by projecting on this vector [9] . Therefore, the splay force per unit length can then be written along the Darboux frame as (see Fig.3 )
where the projections are given by
The twist stress tensor is given by
where all the terms have coupling with extrinsic curvature. In this case, we found:
Finally, the bend stress tensor can be obtained as:
with the projections
Because the energy is additive, we get the total stress as
The original outcome in Eqs. (15)- (21) , about the stress tensor, is the most relevant result of this paper. As far as we know, this result had not been presented before; it establishes explicit relationships for the tensor components of the surface stress due to the presence of the nematics. Once we have described the stress tensor, let's look at the consequences of translations and rotations in the energy. Let us notice that when the equilibrium condition is satisfied, the variation of the energy can be written as
where we have defined
and Λ ab = −∂H Frank /∂K ab (see appendix A).
Translations. Let us consider first an infinitesimal translation of the surface element δX = a. Deformation of the tangent vectors can be found, δe a = ∂ a δX = 0, thus δn = 0, and similarly δη = 0. Consequently,
and as we mentioned above, f a Frank l a is identified as the force, per unit length, acting on the loop C. The line integral in the right hand of Eq. (25) is the generalized force exerted by a surface element decorated with the nematics; otherwise said, it holds for the contribution to membrane tension arising from the nematic texture. This is how translation symmetry give rise to the membrane stress tensor, with the surface tension being the conserved quantity related to this continuos symmetry of the membrane.
Rotations. Let us consider now an infinitesimal rotation of the shape membrane, δX = ω × X. The unit normal undergoes a rotation, δn = ω × n, and the nematic director changes as δη = −(η · δn) n. Consequently, under an infinitesimal rotation, the energy deformation can be written as
where the nematic torque is defined as
and
The first term in Eq. (27) is the external nematic torque, induced by the Frank energy; the second one is identified as the intrinsic nematic torque, a vector field that points in direction η ⊥ , the rotational axis. We notice that the splay energy does not induce intrinsic torque, this is because under rotations, the nematic director deforms in a normal direction to the surface. The nematic torque is the second foremost result of this paper.
IV. TOTAL ELASTIC-NEMATIC STRESS AND TORQUE
After obtaining the nematic components to the stress tensor, contributions from surface elasticity must be properly accounted for the total stress. Thus, the complete free energy is given by
where the Canham-Helfrich (CH) energy holds
This functional accounts for the flexural elasticity and the lateral tension of fluid membranes, which can be described in terms of surface geometry through the bending rigidity κ, the spontaneous curvature K 0 , and the membrane tension σ [24] . After minimization δF CH = 0, the CH stress tensor, can be written as [9] f a
By taking the later into account, the total stress tensor of the nematic membrane Eq. (29) is therefore f a = f a Frank + f a CH . For a closed membrane, namely, a vesicle, the pressure difference P between the outer medium and the vesicle interior imposes that the stress tensor is not to be conserved but ∇ a f a = P n.
When integrating Eq.(32) over the area of the patch M with boundary the loop C, parametrized by arc length s, as showed in Fig.3 , we have C ds f a l a = P M dA n,
Let's notice that this equation sets down a counterbalance between the compositional stress due to the nematics and the elastic stress due to bending stiffness, membrane tension and external pressure. Because the force that the nematic contained in region M exerts on the loop C is given by
where the nematic force, per unit length, is
and ordering interactions and membrane elasticity, the nematic force have to be completed with the elastic force given by [8, 9] F CH n = −κ∇ l K,
where the effective membrane tension Σ = σ + κK 2 0 /2, K l = K ab l a l b , K T = K ab T a T b , K lT = K ab l a T b and ∇ l K = l a ∇ a K.
The total torque can be written as
where the total intrinsic torque is
and m a CH = −κ(K − K 0 )T, the intrinsic torque induced by the CH energy [9] .
These results become straightforwardly simplified in simple geometric settings, e.g. the sphere or the cylinder. In case the director field lines up along a principal direction of the surface, namely κ p , i.e. K a b η b p = κ p η a p , thus K η = κ p and K τ = 0; consequently, the twist force vanishes. We examine below the surface distribution of total stresses in the particular cases of the sphere (Section V), and the cylinder geometry (Section VI).
V. STRESS ON SPHERICAL VESICLES
An interesting geometry relevant to the mechanics of minimal cells [28, 29] , is a spherical vesicle coated with a nematic texture [30] . In spherical coordinates the induced metric determines the line element as g ab dξ a dξ b = R 2 dθ 2 + R 2 sin 2 θ dφ 2 . Let's consider the loop C to be the spherical parallel with polar angle θ, M being the patch up to θ 0 on the north hemisphere as depicted in Fig.3 . For this curve we have T = φ, and l = θ, so that T θ = 0 = T θ and T φ = R sin θ = (T φ ) −1 , l θ = R = (l θ ) −1 and l φ = 0 = l φ . For this path we have X T = 0, X n = R and X l = 0, and thus the local balance in eq.(33), is determined as
whether the director field does not depend on the azimuthal angle φ (revolution symmetry), the local equilibrium condition eq.(33) gets into
where the functions F l and F n both depend on the nematic texture.
A. Nematic texture with Θ = π/2
This particular case represents a nematic director oriented along the spherical meridians. Because the director field can be written in terms of the orthonormal basis as in eq.(7), if we take 1 = T then 2 = −l. Consequently, the nematic texture with Θ = π/2 implies that η = 2 = −l and η ⊥ = T, (see Fig.4 ). After some algebra, one gets:
but T c l a ∇ c η a = Γ θ φθ /R sin θ = 0, thus F S T = 0. For the longitudinal direction we see that l a l c ∇ a η a = Γ θ θθ /R = 0, thus F S l = −κ 1 cot 2 θ/2R 2 . Finally, along the normal we have Kη a l a = −2/R and K ab l a η b = −1/R and then F S n = −κ 1 cot θ/R 2 . Regarding the bending component along the meridians, let's notice that K η = 1/R, K ab T a η b = 0, so we get η a ∇ a η c = Γ c θθ /R 2 = 0. Therefore, we deduce F B T = 0 and F B l = κ 3 /2R 2 and since ∇ θ K θθ = 0, we have F B n = −κ 3 cot θ/R 2 . The twist component of the stress tensor is found to vanishes on the sphere, i.e. f a W = 0, and does not induce forces at all. Finally we can write the Darboux components of the total force F T = 0,
In the sphere, according to Eq.(36), no contribution from the bending stiffness is expected at zero spontaneous curvature (K 0 = 0). However, looking at the total force F l in Eq. (42), a splay component of magnitude κ 1 cot 2 θ/2R 2 , must be stressed in order to make a sectional cut in the spherical membrane. Particularly, its strength is κ 1 /2R 2 at the equatorial loop, becoming more intense as the cut approaches to the poles. Furthermore, a constant force κ 3 /2R 2 is induced by the bending of the nematic director, but director twisting does not affect anymore, as expected for a texture that meridian circulates thus avoiding rotation between the poles. Similarly, the normal force F n , does not depend on κ 2 anymore; if splay and bending terms are taken into account, it vanishes at the equatorial loop (θ = π/2), and diverges as approaching to the poles (θ = 0, π). This normal force F n is radial and directed towards the interior on the northern hemisphere, while directed outward on the southern, which causes a dipolar imbalance between the two hemispheres. After substituting Eq. (42) in Eq. (40), we get
which establishes the equilibrium condition. An alternative way to rise this condition consists to analyze the forces separately. Under the integral definition in Eq. (33), by taking the leftmost hand side for the total force we found
Further, separating this force into components F(θ) = F S + F W + F B + F E where the subindices refer to splay, twist, bend and elastic forces, respectively given by
Notice that the finite values of the splay force is maximum at the poles and vanishes on the equatorial loop. As deduced above, the twist force is exactly null in the spherical configuration. The bending force is in general non zero but minimal at the equator (θ = π/2). Finally, the bend-force goes downward, along the opposite direction to the surface tension; if the loop is close the pole, the bend-force is twice than on the equatorial loop. The force induced by the Laplace pressure P on the loop C is given by
therefore, the equilibrium condition F i = 0, implies Eq.(43). For this nematic texture, the intrinsic torque on parallels is given by
Therefore, the couple due to the nematic texture adds to the bending one, and counteracts to the effect of the spontaneous curvature. On the meridians, the intrinsic nematic torque vanishes.
B. Nematic texture with Θ = 0
This texture represents an orientation along spherical parallels; in this case, we identify η = T and η ⊥ = l (see Fig.5 ). The divergence of the nematic field vanishes and thus this nematic texture does not induce splay forces. Let's notice that η a l a = 0. Consequently, the non-trivial terms are η a ∇ a η θ = − cot θ/R 2 , and the normal curvature at the parallel, K η = 1/R, which determines the longitudinal components of the bending force, F B l in Eq. (21) . As a consequence, the total force points along the binormal l. Once the elastic force is considered, we found
The bend force on the entire loop (except for them close to the poles) is a constant and points upward as
In this case, the equilibrium equation can be expressed as
which only contains elasticity and nematic bending terms playing against each other. Splay and twist terms are missing in this case as they do not contribute to distort the parallels.
On the other hand, because on parallel loops, the condition η · l = 0 holds, here the intrinsic nematic torque vanishes and the total intrinsic torque is given by
On meridians, we can find instead
Therefore, the nematic couple adds up to the bending one and counteracts the effect of the spontaneous curvature.
VI. STRESS ON CYLINDRICAL SURFACES
A cylindrical surface with radious R and length L can be parametrized as
the azimuthal angle varies in the full domain 0 ≤ φ < 2π, and z ∈ [−L/2, L/2]. The tangent vectors are then e φ = Rφ and e z = k, whereas the unit normal n = (cos φ, sin φ, 0). On the surface ds 2 = dz 2 + R 2 dφ 2 , gets the infinitesimal distance whereas K φφ = R and K zz = 0, K zφ = 0, are the components of the extrinsic curvature. In this geometry, looking at the mathematical development above, if the nematic texture is directionally aligned on meridians, in this case the Frank energy vanishes. Consequently, with the exception of the pure elastic force, no additional force have to be overcome to suction a tube in a cylindrical micropipette. Unlike, if the nematic director aligns with parallels, the components are η φ = 1/R and η z = 0 (see Fig.6 ), and thus the bend energy density becomes κ 3 /2R 2 . In this case the membrane energy reads in terms of the tube dimensions as
where A = 2πRL is the cylinder area. If the tube length is fixed at L, then the condition ∂ A H = 0 determines the equilibrium radius at R eq = (κ + κ 3 )/2Σ, where the energy reaches a minimum and we have introduced Σ = σ + κK 2 0 /2. In the absence of bending nematics, this formula reduces to the classical result for the equilibrium radius of a lipid tube, R eq = κ/Σ. A more general result, can be also obtained by cancelling out the stress around the symmetry axis. For a general texture, let's consider 
to be the nematic director oriented at an angle α with respect to the unit azimuthal vector φ ( see Fig.7 ). The components are then η φ = cos α/R and η z = sin α. We also see that η ⊥ = sin α φ − cos α k. Additionally, since η a l a = − sin α, η a ⊥ l a = cos α, η b T b = cos α, K ab η a l b = 0, K ab η a T b = cos α/R, one obtains ∇ a η a = 0,
Because the divergence of the texture is exactly null in this case, the splay force vanishes as well. Therefore, the components of the local force on the loop can be written as
In a circular parallel loop, the normal force is found identically zero, as expected for a tube at mechanical equilibrium. However, the two in-plane components adopt non-trivial dependences on the orientation α of the texture. Whereas the longitudinal component is affected by twisting and bending nematic terms, the tangential component that maintains the circulation around the tube axis is exclusively determined by twisting. The total force on the entire loop is given by
In the particular case of the parallel texture, α = 0 (see Fig. 6 ) only the bending force determines the longitudinal component F l = −κ 3 /2R 2 ; in the opposite case, α = π/2, then F l = 0. With the intermediate texture, α = π/4, we found F T = κ 2 /4R 2 and F l = − 1 8R 2 (κ 2 + κ 3 ). We further consider the case of meridian directions, where T = k, thus T z = 1 and T φ = 0; here l = e φ /R and l φ = 1/R, thus K l = 1/R and K T = 0. Therefore, η a l a = cos α, η b T b = sin α, K ab η a l b = cos α, K ab η a T b = 0. Consequently, the components of the force are found as
i.e. only the longitudinal component is non zero in this case. In fact, we can adjust the radius of the cylinder, such that the stress on any meridian vanishes. This experiment could consist to fix the nematic texture at rotational orientation (α = 0), then R eq = (κ + κ 3 )/2Σ, independently of the splay and twisting rigidities. In the uniaxial orientation (α = π/2), the equilibrium radius reduces becomes exclusively determined by membrane elasticity, i.e. R eq = κ/2σ, which determines a much smaller tensions than necessary to realize the rotational texture. In the more general case we found tubes with equilibrium radius R eq = (κ + κ 3 cos 4 α − κ 2 sin 2 α cos 2 α)/2Σ. (63)
On parallels, the torque can be written as
The nematic texture with α = π/2, does not induce nematic intrinsic torque, as expected. If α = 0, we find m a l a = −κ(1/R − K 0 )φ − κ 2 /R k, and the twist does not play in the couple. Nevertheless, any deviation of the circular texture, induces a contribution of the twist; if α = π/4 we have
Importantly, the local torque induced by the twist counteracts the one induced by the bend of the director field.
VII. SUMMARY AND DISCUSSION
In this work, we have obtained analytical expressions for the stress tensor and the torque of an elastic membrane decorated with a nematic texture. The nematic texture is modeled by the Frank energy, which takes into account splay, twist and bending orientations of the nematic director. The structure of the surface stress tensor exhibits a complex interplay between the nematic structure and the geometry of the membrane, showing the relevance of the extrinsic effects, i.e. coupling the nematic director with extrinsic curvature. For instance, the stress induced by splaying the nematic director exhibits a finite tangential component with only intrinsic coupling to membrane geometry, whereas the normal component includes the extrinsic curvature. The internal forces on the membrane become very intense in regions where the divergence of the nematic director increases, which are in general locations where topological defects are placed in. Amazingly, textures with zero divergence do not induce these forces, maintaining the orientation of the nematics over the whole surface. The bending stress induced by the nematic director really dominates in curved surfaces by inducing tangential components that exhibit extrinsic couplings; in fact, if the nematic director is aligned on geodesics, only the extrinsic effects contribute. As regards the twisting stresses, they exclusively arise from extrinsic couplings.
The forces on circular loops have been calculated for different textures in spherical and a cylindrical settings. For the spherical case, two nematic textures of interest have been analyzed; the first is the case of meridian orientation with finite divergence and topological charge 1/2 at each pole, and the second texture analyzed correspond to parallel orientation with zero divergence. In both cases we have obtained the corresponding equilibrium force equation including the elastic bending and the Laplace pressure at mechanical interplay with the nematic forces. For the meridian texture, both coupling constants, splay and nematic bending play a non-trivial role but for the parallel texture, only the bending constant plays a role in the equilibrium equation. On the cylinder, the general case of a texture such that the nematic director follows helical trajectories has been analyzed; the forces on parallels and meridians of the surface have been obtained. When the nematic director is aligned along the cylinder axis, there are no induced forces induced by the nematics. If one considers the director aligned on parallels, we find that the nematic force per unit length, has a finite magnitude of κ 3 /2R, which contributes to stiff the tube beyond its mere flexural elasticity. Regarding the torque, we have found that no intrinsic torque is induced by splaying the nematic director. This is because the splay energy is purely intrinsic to the membrane and the nematic director is deformed perpendicular to the membrane. Thus, splay contributes only to the external couple. For the sphere there are no contributions by twisting the nematic, so only the bending plays a role in the torque, unlike the case of the cylinder surface where both the twist and the bend play a relevant role. The theoretical framework developed in this paper, could contribute to a better understanding the ordered structures (nematic-like) present on fluid membranes. As a biologically relevant example, it would be arguably to model local forces in cellular membranes, induced by some type of nematic order. In the biological setting, the early stages of cell division could be described, particularly the cytokinetics process when the actomyosin furrow induces constriction forces at cell equator.
coupling with extrinsic curvature. The splay force per unit length can then be written as f a S l a = F T T + F l l + F n n,
Of course, the extrinsic coupling appears only in the normal projection. The twist stress tensor is given by
all the terms have coupling with extrinsic curvature. In this case we have
Finally, the bend stress tensor can be obtained as
Therefore we can obtain the projections as
